Introduction
The research work presented in this article originates from the CLIMACAP-LAMP project 1 which investigates economic, technical and policy implications of climate change control measures in Latin America. The regional definition of Latin America as used in this study refers to all countries of central and South America, including the Caribbean countries and Mexico. This article focuses on required financial investments in the energy supply sector, and as such is complementary to other contributions of this special issue, such as van der Zwaan et al. (2016a) . An overview of the topics highlighted in the articles of this special issue is provided in van der Zwaan et al. (2016b) . Globally, on average about 1.8% of gross domestic product (GDP) 2 has been invested annually in the energy supply sector between 2000 and 2013, corresponding to 1061 billion US$ 3 per year (IEA, 2014a; Energy Economics 56 (2016) 543-551 ☆ The views expressed in this article are purely those of the author and may not in any circumstances be regarded as stating an official position of the European Commission.
⁎ Corresponding author. E-mail address: kober@ecn.nl (T. Kober). 1 The Integrated Climate Modelling and Capacity Building Project in Latin America (CLIMACAP) is a European Commission funded effort focused on analysing the effects of mitigation strategies in key Latin American Countries (www.climacap.org). The Latin American Modeling Project (LAMP) is a similar effort funded by the U.S. Environmental Protection Agency and the U.S. Agency for International Development. The projects are collaborating to develop a multi-model comparison project focused on mitigation in Latin America. An overview of the project is provided by van der Zwaan et al. (2015) . The database of the project can be found at: https://tntcat.iiasa.ac.at/CLIMACAP-LAMPDB/.
2 GDP refers to purchasing power parities (PPP) in this article. 
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Energy Economics j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / e n e e c o World Bank, 2013). Ranking energy investment intensity by region reveals that industrialised countries with a high GDP invested proportionally less in energy supply technology, whereas in emerging economies, such as China and India, and fossil-resource-rich regions, like the Middle East and Africa, energy supply investments represent a comparably larger share of GDP. In Latin America, the energy investment share of GDP at 2% is slightly higher than the world average.
Annual investments in energy supply in Latin America represent 9% (99 billion US$) of global annual average energy supply investments between 2000 (IEA, 2014a . Referring to Fig. 2 below, roughly 60% of energy supply investments in Latin America were dedicated to oil supply, one fourth to the electricity sector and 14% to natural gas supply. The Brazilian share of energy supply investments between 2000 and 2013 is 43% of the Latin American total, and in the power sector Brazilian investments accumulate to even 60% for this period, with the majority invested in generation units based on renewable energy and the electricity grid (IEA, 2014a) . According to PLATTS (2012), 70% (24 GW) of the newly commissioned hydro power capacity in Latin America in the period from 2000 to 2012 was installed in Brazil. Investments in clean energy technology in Latin America represented 6% of the global investments in clean energy technologies of 231 billion US$ in 2012 with Brazil hosting most of these investments (BNEF, 2013) . Nonetheless, over the past years there has been an increase in investment activity in clean energy technology outside Brazil, reaching 6.5 billion US$ in 2012 compared to 7.4 billion US$ for Brazil (BNEF, 2013) .
The future evolution of energy supply investments, in particular in the context of reducing GHG emissions, has already been researched in several studies. Future investment needs are for instance assessed by Luderer et al. (2009) and McCollum et al. (2013) , who undertake their analysis based on a multi-model approach on a global scale, and McCollum et al. (2013) additionally for the main world regions. Recent publications of the International Energy Agency (IEA, 2014a) and the Global Energy Assessment (GEA, 2012) also stress the energy technology investment topic, whilst taking different future climate policy framework conditions into consideration. Bauer et al. (2015) investigate assets related to fossil fuel reserves and changes of these assets resulting from climate change mitigation policy and associated fuel price changes. However, the IPCC (2014) concludes in its 5th assessment report that the "scientific literature on investment and finance to address climate change is still very limited and knowledge gaps are substantial". Long-term energy supply investments in Latin America under different climate policies have not been investigated extensively in the past.
In this article we quantify future investment requirements in the Latin American energy supply sector until 2050 under business-asusual and climate change control scenarios, thereby contributing to an understanding of potential future investment pathways for the Latin American energy supply sector. The analysis of investments is conducted by using quantitative assessment tools of the participants of the CLIMACAP-LAMP project. The structure of the paper is as follows. In Section 2 we describe the methodology used for our work, and list the models on which our research results are based. Section 3 reports our main findings in several subsections including (1) investments in the overall energy supply sector, (2) electricity sub-sector supply investments, and (3) investment requirements for specific low-carbon technologies required to achieve greenhouse gas emission reductions, as applied to Latin America as a whole. In Section 4 we discuss the policy implications of our results.
Methodology
This paper focuses on investments in energy supply needed to meet energy demand in Latin America. In this article investments refer to undiscounted values of capital for planning, construction and commissioning of energy technologies. Although discounting is not undertaken in this analysis, in each period we compare the investments with projected GDP in the same period, thereby providing an economic perspective on the level of investment. In terms of scope, the focus is on energy supply technologies. Investments in end-use demand technologies are not covered by the analysis (we refer to GEA (2012) and IEA (2014a) for a recent assessment of demand side investments on a global scale). Demand side effects, such as energy efficiency improvements of final energy use, impact upon the results insofar as they contribute to the determination of the energy needed to be supplied. However, the investment effort required to introduce those measures is not covered here.
The analysis is based on a multi-model comparison of a set of specific scenarios including four global integrated assessment models, namely GCAM, POLES, TIAM-ECN and TIAM-WORLD. For a brief characterisation of the models we refer to van der Zwaan et al. (2016a) , and detailed model descriptions can be derived from publications by their respective modelling teams: GCAM (Calvin et al., 2011) ; POLES (Kitous et al., 2010; Criqui et al., 2014; Markandya et al., 2014) ; TIAM-ECN (van der Zwaan et al., 2013a; Keppo and van der Zwaan, 2012; Kober et al., 2014; Rösler et al., 2014) and TIAM-WORLD (Loulou and Labriet, 2008; Loulou, 2008) . For information on the models' base year calibrations and the development of the main socio-economic parameters and energy indicators in the business as usual scenario we refer to van Ruijven et al. (2016) , and for the analysis of the effects of climate policy measures on the energy sector we refer to van der Zwaan et al. (2016a) and Clarke et al. (2016) .
Two out of the four models involved in this study, namely TIAM-ECN and TIAM-WORLD, belong to the family of optimisation models, where investment decisions are the results of cost-optimality criteria. TIAM-ECN and TIAM-WORLD determine investments under a long-term planning horizon with perfect foresight. GCAM is a market equilibrium model with a myopic perspective where prices are adjusted until supplies and demands are equal. POLES is a simulation model in which investments follow the development of energy technology deployment regardless of cost-efficiency paradigms. In addition to the models' methodological differences, investment costs of energy technology also differ. This study abstains from harmonising energy technology data across models and rather regards different assumptions on future costs representative of the uncertainties today's decision makers face regarding future investments.
We perform our analysis around four main scenarios, which consist of one business-as-usual scenario and three climate policy scenarios, shortly described below. The climate policy scenarios represent three different policy measures which translate into different levels of GHG mitigation stringency for Latin America. The climate policy measures are applied to all world regions, with a globally harmonised carbon tax on all GHG emissions in the high CO 2 price scenario and a perfect cap and trade system in the 450 concentration scenario. In the 50% abatement (FF&I) scenario the emissions cap is applied to Latin America on the one hand and to the rest of the world on the other hand, with trade of emission certificates only within these two groups. For more detailed descriptions of these scenarios we refer to van Ruijven et al. (2016) and Clarke et al. (2016) , for the baseline and three climate policy scenarios respectively, in this special issue. (3c) Scenario with globally cost-optimal allocation of emission certificates to reach a stabilisation of the global mean temperature increase at 2°C compared to pre-industrial level.
Results
In the Core baseline the CO 2 emissions from fossil fuel combustion and industry increase between 2010 and 2050 by a factor in the range of two to three, reaching 3 GtCO 2 in 2050 in the case of TIAM-WORLD and 4.5 GtCO 2 in the case of TIAM-ECN (Fig. 3) . Imposing emission reduction measures according to the assumptions of the three climate policy scenarios results in different reactions across models.
Under the scenario High CO 2 price, three out of four models show long-term CO 2 emissions roughly between 1.5 and 2.1 GtCO 2 in 2050, whereas in one model the carbon price is sufficient for a complete decarbonisation of the energy sector. In the 50% abatement (FF&I) scenario the defined emission trajectory affects different CO 2 avoidance costs across models ranging from about 100 US$ up to 500 US$ in 2050. All models report higher CO 2 emissions until 2050 in the 450 concentration scenario compared to the 50% abatement (FF&I) scenario. When comparing these two scenarios it should be considered that the climate policy measure of the 450 concentration scenario applies to all GHG emissions and the emissions cap in scenario 50% abatement (FF&I) to CO 2 only. This has an impact on the long-term price of carbon which is, for some models, higher in the 450 concentration scenario compared to the 50% abatement (FF&I) scenario.
Energy supply investments
In this section we outline the aggregate projected investment needs for Latin America for the energy supply sector. Referring to Regarding the timing of investments, differences amongst the scenarios can be observed. In 2020, energy sector investments in the 450 concentration scenarios slightly decline compared to the Core baseline scenario as a result of the more efficient use of energy and hence a lower energy supply. The stringent CO 2 cap (50% abatement (FF&I) scenario) imposes on average the strongest investment growth in the periods 2020, 2030 and 2040 with 4 to 6% higher investments compared to the Core baseline, as a result of higher emission reductions in the corresponding periods than in other scenarios. In the long-run (2050) a 2°C climate policy scenario (450 concentration) requires the highest level of investment in absolute terms on average across the three models. For TIAM-ECN and TIAM-WORLD this scenario is characterised by a high, but relatively late, emissions reduction in Latin America, resulting in higher investments in later periods than in the 50% abatement (FF&I) scenario where investments in mitigation measures start earlier. The 2°C climate stabilisation target implies for Latin America investment needs in the energy supply sector of 260 billion US$ in 2050 (average across models), corresponding to a 6% increase compared to the Core baseline scenario.
In absolute terms, there is a significant increase in investment in all of the scenarios. However, inspecting the investment requirements as a share of GDP, it can be seen that the proportional investment remains below 2010 levels (2%) until 2050 under all scenarios, as a result of expected GDP growth in Latin America over the coming decades. Even under the most ambitious climate policy scenario, long-term proportional investment in energy supply is 1.7% at most and, thus, lower than that in 2010 for Latin America. Nonetheless, this is still above current EU-28 (1%) and USA (1.3%) proportional investment rates (see Fig. 1 above) .
Historically, investments for oil and gas production represent the highest share among all energy supply investments. These investments depend on the region's domestic energy demand and the competitiveness of domestic resources on global fuel markets, and hence global energy demand. The development of synthetic fuels from coal or biomass may also contribute to the larger use of domestic resources. For exports of crude oil in the absence of climate policy measures, models show export quantities remaining stable at roughly the 2010 level until 2050 (TIAM-WORLD and POLES), or an increase by a factor of 3 between 2010 and 2050 in the case of TIAM-ECN. Global efforts to achieve the 2°C climate target would result in a substantial reduction in worldwide demand for petroleum products, and consequently a shift of global oil trade patterns. TIAM-ECN shows a decrease of crude oil exports from Latin America to the rest of the world under the 450 concentration scenario compared to the Core baseline scenario of up to 25 EJ in 2050, meaning that Latin America remains self-sufficient regarding its crude oil supply but without any significant exports in 2050. For investments in the oil production sector of Latin America these different developments translate on the one hand into increasing investments over the coming decades to around 130 billion US$ by 2050 under the Core baseline scenario and on the other hand declining investments to 28 billion US$ by 2050 under the 450 concentration scenario (compared with 58 billion US$ average between 2000 (IEA, 2014a .
Looking at the distribution more closely, and in particular at the electricity sector as a sub-sector of total energy supply, it can be seen in Fig. 5 that on average around 20% (range between 12 and 32% across the models) of total energy supply investments in the Core baseline scenario in 2050 are directed towards electricity generation, which is slightly above the historic share of 14% (calculated based on IEA, 2014a). It should be noted that the shares refer to investments in electricity production equipment only, and that shares referring to the total electricity supply sector (including investments in generation and transmission and distribution) are comparably higher. total energy supply in the Core baseline scenario in 2050. The models largely agree that climate policy increases the proportional share of electricity sector investments in the long-term (2050). This is driven by decarbonisation of energy demand sectors through an increasing use of electric appliances (substituting fossil fuels), and reduced investments in technology for production and processing of fossil fuels. In the 450 concentration scenario, 34-47% of total energy supply investments are dedicated to electricity generation in 2050. These results clearly indicate that climate policy shifts traditional investment patterns from upstream oil and gas production towards downstream investments in low-carbon technologies.
Electricity generation investments
Given the importance of the electricity sector under climate change control policy, we analyse these investments in detail. Fig. 6 displays the development of investments for electricity generation technologies across the four models used in this analysis. On average across all models, electricity sector cumulative investments between 2010 and 2050 are 1.4 trillion US$ in the Core baseline scenario. For this scenario all models expect an increase of absolute investments in electricity supply technology, with agreement of three models on annual investments of about 20-40 billion US$ in 2050, which is growth by a factor of 1.5 to In the Core baseline scenario we assume neither the existence of carbon taxes nor GHG emission reduction obligations. Hence we omitted carbon prices in the plot for that scenario.
3 compared to 2010. All models agree that in the scenarios with climate change mitigation measures cumulative investments for electricity supply between 2010 and 2050 are higher than in the Core baseline scenario, ranging from additional 630 billion US$ (average across all models) in the High CO 2 price scenario to 710 billion US$ in the 50% abatement (FF&I) scenario and 840 billion US$ in the 450 concentration scenario. Increases in investments in the electricity supply sector are driven by two key factors. Firstly, the growth in absolute and proportional terms of total electricity consumption and production, in particular when there is a shift in the end-use sectors from fossil fuels to electricity. All models agree that electricity generation increases in future. On average across all four models, electricity generation in the Core baseline scenario triples between 2010 and 2050. For the 50% abatement (FF&I) scenario and the 450 concentration scenario three of the four models report an electricity generation in 2050 of 3 to 16% above the production level of the Core baseline scenario. Secondly, investments in electricity supply increase due to changes in the electricity generation mix towards technologies with comparably high specific investment costs, such as low-or zero-carbon emission power plants, i.e. technologies based on nuclear or renewable energy and technologies with CO 2 capture and storage (CCS).
Looking specifically at the behavior of the different models provides important insights into investment patterns.
POLES exhibits relatively lower increases in investment levels for electricity supply across all scenarios compared with the other models, with a maximum increase of cumulative investments of 20% in the 50% abatement (FF&I) scenario compared to the Core baseline scenario. This is due to the lower variation in total electricity production between scenarios and a rather consistent deployment structure in the sector across scenarios, with a significant increase of the total electricity generation over the forthcoming decades in the Core baseline scenario and a substantial deployment of low-carbon technologies (see Fig. 7 in Section 3.3). Among the four models, POLES shows the highest electricity generation in the Core baseline scenario peaking at about 5100 TWh in 2050. Unlike the other models, POLES is a simulation model that considers endogenous technological learning for several technologies which has an important impact on investments in wind, solar and hydro technology in the Core baseline scenario and in the climate policy scenarios. As a consequence, total electricity sector investments in the climate policy scenarios converge to the investment level of the Core baseline scenario. Already in the medium-term, POLES model results indicate a significant electricity demand growth in Latin America, which leads to an increase of electricity generation in the Core baseline scenario from 1400 TWh in 2010, to 2000 TWh in 2020, and 2800 TWh in 2030. This drives installation of new generation capacities which grow disproportionally high at a rate of 60% from 2010 to 2020 and 50% from 2020 to 2030, which is the result of investments in technologies using intermittent renewable energy with low annual full load hours compared to the average of power plants operated in 2010, and investments in flexible generation capacity based on natural gas, which is necessary for the stable electricity system operation. These capacity additions would require a significant and immediate ramp-up of Latin America's electricity generation investments with a doubling of the average annual investments of the period 2000 to 2013 by the year 2020.
In TIAM-ECN investments in electricity generation increase significantly under climate change control scenarios, mainly driven by a shift of the fuel mix from fossil fuels to renewable energy, without significant variation in the amount of electricity produced across scenarios. In the Core baseline scenario, electricity generation in Latin America shows a continuous increase from 1400 TWh in 2010 (IEA, 2014b) to 4000 TWh in 2050 with an increasing share of fossil fuel based technologies without CCS growing from 41% in 2010 (IEA, 2014b) to 63% in 2050. As a consequence of the shift of investment patterns towards power plants using coal and natural gas, which typically have low specific investment costs and/or higher annual availabilities compared to renewable technologies, total investments in electricity generation equipment under the Core baseline conditions increase only slightly over time, despite the strong growth of electricity generation. Compared to the Core baseline scenario, the total electricity generation in the three climate policy scenarios is rather stable with changes less than 7% in the longrun (2040/2050). Technologies based on fossil fuels without CCS, however, lose significant market shares if climate policy is introduced, and reach not more than 9% share of the total electricity generation in 2050 in the High CO 2 price scenario and diminish almost entirely from the electricity mix by mid of the century in the 50% abatement (FF&I) scenario and the 450 concentration scenario. Under stringent climate policy conditions, the electricity sector in Latin America undergoes a transition towards renewable energy with technologies that are often characterised by high investment costs and low annual availabilities due to the intermittent nature of many of the renewable energy resources, such as wind and solar. This development is responsible for a substantial increase of the total power plant investments in TIAM-ECN up to about 60 billion US$ in 2050 in the High CO2 price scenario, 70 billion US$ in 2050 in the 50% abatement (FF&I) scenario and around 80 billion US$ in 2050 in the 450 concentration scenario.
In TIAM-WORLD, the absolute value and allocation of investments in the power sector follow a similar trajectory in all climate scenarios until 2030: an increase of 65-73% over the Core baseline scenario is observed in 2030, and investments which were allocated to natural gas in the baseline are rather allocated to technology using renewable energy in all climate scenarios (renewable, including hydro, reach 73% of total investments in 2030 compared to 57% in the Core baseline scenario). The share of investments in renewable energy technology increases substantially in all climate scenarios after 2030 (more than 80% of total investments in 2050) but the amount and nature of investment decisions differ after 2030. Firstly, much higher investments are needed to meet the 2°C climate stabilisation target (450 concentration scenario) than in other climate policy scenarios after 2030 (increase of more than 80% over the Core baseline scenario compared to 45-50% in the scenarios with climate policy). Indeed, the electrification of the energy system of Latin America is higher in the 50% abatement (FF&I) scenario after 2030, reflecting the measures for high emission reductions implemented in 2050 in this scenario. Second, more low-carbon power plants are installed in this scenario, including renewable energy technologies but also biomass power plants equipped with CCS, and nuclear power plants, which are investment intensive technologies. Apart from the power sector, CCS technology applied to bio-refineries occurs as soon as 2030 in both the High CO 2 price scenario and the emission bounded scenario (50% abatement (FF&I)). Like POLES, GCAM has lower increases in investment levels for electricity supply across all scenarios compared with the other models. In the Core baseline scenario, investments grow modestly, but investments in 2050 are about 50% larger in the two stringent mitigation scenarios (High CO 2 price and 450 concentration) as they are in the Core baseline scenario, despite similar levels of electricity generation. This increase in investment is due to a heavy reliance on biomass and gas with CO 2 capture and storage, which have higher capital costs compared to other technologies. GCAM assumes fixed learning over time and across scenarios, with larger decreases in capital cost for low carbon technologies (e.g., the cost of biomass with CCS declines by approximately 1% per year between 2010 and 2050; the cost of PV declines by 2.5% per year).
Low-carbon electricity technology investments
Having investigated the required investments in the electricity supply sub-sector, we now analyse specific low-carbon electricity technologies. Several recent publications have spent sizeable effort on, and/or were especially dedicated to, analysing the various cost dimensions of the energy system transformation required for low-carbon development scenarios, such as described in Luderer et al. (2009) and those developed in the LIMITS project (see e.g. McCollum et al., 2013; Tavoni et al., 2013; Kober et al., 2014) . In this section we highlight one relevant techno-economic aspect, as was done in van der Zwaan et al. (2013b) . Fig. 6 presents four cross-model comparison scatter-plots depicting cumulative total energy technology investment costs versus cumulative new commissioned capacity until 2050 for five low-carbon power supply options (CCS, nuclear, hydro, solar and wind energy) under the four scenarios. Fig. 7 shows that apart from technology diversity across models, there is also some variability in terms of the assumptions on the technology's investment costs between the models. This is evidenced by different ratios of total investment costs per installed capacity of the selected technology groups across models. The models do, however, provide some robust conclusions that are evident from inspection of these scatter plots. As the level of ambition on climate policy increases, the level of investment in low-carbon technology increases. Nuclear power is expected to experience only modest growth in terms of capacity, and hence investments which stay below 200 billion US$ cumulatively for the period 2010 to 2050 across most of the scenarios and models. For wind power technology, a maximum additional new capacity of 280 GW between 2010 and 2050 can be observed, which is lower than for solar electricity technology. This new wind turbine capacity corresponds to a 430 billion US$ investment opportunity in that period (global installed capacity in 2013 was 318 GW (GWEC, 2014) , with positive effects on the costs of generating electricity. For CCS technology, applied to all kinds of combustible fuels, cumulative investments until 2050 amount to a maximum of 560 billion US$ in the existence of climate policies. The extent to which CCS power plants and technologies using renewable energy are deployed and the investment required varies considerably between models. For a comprehensive discussion of the different technology pathways, we refer to the article of van der Zwaan et al. (2016a) , that explores in detail technology diffusion of low-carbon technology in Latin America.
Discussion
In this paper we examined the investment needs for Latin America in the energy supply sector up to 2050 under a business-as-usual and climate control scenarios. We find that, compared to 2010, more than a doubling of average annual investments in absolute terms is required by 2050 to cover the investment needs of the energy supply sector in Latin America in the absence of climate policy. When climate policies are introduced up to 5% additional cumulative investment is necessary until 2050, which corresponds to roughly 330 billion US$ cumulative for the period 2010 to 2050, and which combines increased investments in clean energy technology with disinvestments in carbon-intensive fuel technology. These results are broadly in line with an earlier analysis performed by McCollum et al. (2013) , who calculated a cross-model range of average annual energy supply investments 6 between 2010
and 2050 of 117-233 billion US$ in the reference policy scenario and 132-275 billion US$ in the scenario with a 2°C climate target. Despite increasing absolute energy supply investments in future, investment costs as a share of GDP decline over time in all scenarios. The electricity supply sector as a sub-sector of total energy supply is expected to increase its share of total energy supply investments. Under the Core baseline scenario, cumulative investments of 1.4 trillion US$ are needed until 2050 for the region's electricity generation technologies. The electricity sector becomes increasingly important when climate policies are introduced: under a carbon tax of 50 $/tCO 2 e in 2020 increasing with a rate of 4%/yr, an additional cumulative 630 billion US$ (+45%) investment is required until 2050. Wind, solar, and CCS will play an important role under climate policy scenarios, and nuclear power does not in Latin America in the scenarios and models included in this study. The transition required for the energy supply sector in Latin America to reach a 2°C climate stabilisation target implies substantial additional investments in the electricity sector (840 billion US$ cumulative between 2010 and 2050), accompanied by reduced investment activities in other energy supply sectors, such as fossil fuel production and refining. These findings have clear implications for policy makers. Moving forward, increased absolute investment in energy supply, even in the absence of climate control policies, is needed to underpin economic and energy demand growth in the region. Mobilising necessary additional investment capital, in particular for low-carbon technologies, will be a challenge, and suitable frameworks and enabling environments for a scale-up in public and private investment will be critical to reach required investment levels (IPCC 2014).
As this paper has focused on financial investments, the economic and social implications of a transition to a low-carbon energy supply sector have not been analysed in depth. According to Akbar et al. (2014) and Clarke et al. (2014) , there are significant potential cobenefits of climate policy including improved health of the population, increased jobs, higher crop yields, reduced infrastructure losses from acid rain, improved visibility, and time savings, to name a few. Policy makers will also need to take into account the 'losers' of climate policy, namely the fossil fuel industry and investors who may face a devaluation of assets related to fossil fuel reserves . These wider social and economic impacts are not captured in the investment analysis of this study, and in order to have a more complete picture, additional analysis is required, for example based on a social cost-benefit analysis (see Akbar et al. 2014 for a description as to how to approach this analysis).
Despite the above limitation, this analysis does provide a sense of scale for the amount of additional capital that is required to fund a low-carbon transition in Latin America, which has some relevance for current global discussions on a climate agreement in 2015. If we divide the 850 billion US$ additional cumulative investment that is required in the electricity sector over a 40 year time period to meet the 2°C climate change control target, our analysis suggests that an additional 21 billion US$ per year of electricity supply investments is required in Latin America under ambitious climate policy, which, when compared to 100 billion US$ 2020 targeted to be mobilised globally under the Copenhagen accord by 2020 (UNFCCC, 2014), is substantial.
A major limitation of this analysis is the absence of estimations on the investment needs for the corresponding energy demand sector. Demand side investments in energy efficient technology are not captured, and thus in models that project extensive improvements of energy efficiency measures, the costs on the supply side may be less than one which has fewer deployment of energy efficiency measures. Further analysis on the investment costs of the demand side is needed in order to have a more complete picture of the overall energy system investment needs in Latin America up to 2050.
